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Fig.2-Scanning Electron Microscope image of 
x-ray Holography sample. 
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Fig.3-Intensity of diffracted x-ray from sample 
(Hologram). 
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Fig.4-Magnetic domain obtained from the difference 
of Fourier transformed image with right and 
left polarized circular x-ray. 
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Fig.5-X-ray and neutron scattering cross sections for 
each elements. 
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3.1 #!/9/ X+$72D-USAXS/SAXS8  
     4'	5"3%  
 T}yiXB`T215xNKǹÜ#)]6ĠęBƾFǭ#ôĢŗ5ubj
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5ýȗ
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`KǱ$)ƠƩ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)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ǎĠÎŤ6xN5ƧȖB¬ƨÄƏ3°ù#.GǰǴíȌøȕħǾșTransmission Electron 
Microscope: TEMȚBȌŵĿļƏƁüEFig. 3-1-1 3Ƥ%D2]/ȅċƙ2pilX5
ĢĶ3Ȃ²#.G0ǁEH.)!!/ȅċƙ2pilXŬǳ06xN5 1 űƳ
øȈ=+.ĢĶ"H) 1 űÂȈŬǳ1 űÂȈŬǳ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) TEM lYxNșTEM Tomography: TEMTȚ6ǱĒĦG!0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Ùǃ/F\w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)[20 21]Bonse-Hart T5ƌĨ0#.ŪĆǓŌk
f5×Ħ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ǿ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ĦEHG0ÆƇG[1, 4, 11, 23] 
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E¿Ǹ5xNȅċŬǳôÐ5ǔţÙǃ2ŗÄË
2D-USAXS/SAXS ŸKƔ.ƠƩKǉ+) 
 
 
3.1.1 2D-USAXS/SAXS &   
ȟSAXS 5ÕƒȠ [30] 
 Fig. 3-1-23Ƥ%D3Ō¬3XƼ»Ą#)ðÜKǁGØ¾ƙ3ǁH7ƋǢ5Ȍ
ø6XƼ3D+.ňFÏ"H'HǄǧő)2ŹƂ02+.ŌXƼKƓ$G»ĄXƼE
Ǔę2θ50!I/ǒĂ%G0Ō¬5ECGðķ/ƘƓ#)XƼ5Ǻ4ÜJ&KǒĂ%G
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Fig. 3-1-2  XƼŌ5ūǐ [30] 
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3.1  2D-USAXS/SAXS ě¦ǴƦ5`TȅċŬǳ 
 
#)+.ȌøāęÄĐρ(r)5ǛŏE5ŌXƼ5ŁēF(q)6©ƜĎKǁĴ3H.ÛŌ
ŹKÍÜJ&. 
! ! = ! ! exp −!! ∙ ! !!!  (3.1.1) 
/EHGýȇ3ǒƁ"HGǻ6ŌXƼ5Łē/62Ġę/G)@Ó©¬ƨ)
F5ŌĠęI(q)6 
! ! = ! ! !∗ !!  (3.1.2) 
/EHG!HE52Ĝ0Debye, Bueche3D+.ą»"H)Ó©¬ƨ)F5ȌøāęÄ
Đ5ǄďƜȂȂō 
! ! = 1! !! !! ! ! + !! !!! = 1! !(!) (3.1.2) 
KƔG0șP(r)6ƺŘŬǳǔţ3 GPattersonȂō0Ý$ȚŌĠę6ƜȂȂō5xR
ôŇ0#. 
!(!) = !! ! exp −!! ∙ ! !! (3.1.3) 
0Ś G 
 
ȟGuinierǬ§șŌ¬5ö"ȚȠ 
 Ǜŏ5=2ö"3,.ƟF)036GuinierǬ§D®JHG=ƃ÷
3ă%GŌ¬ 5ȌøāęĎë(Δρ)/G0#.'5¬ƨKV0%G=)Debyeæøsin 
qr/qrKƸōĉȀ%G01 - q2r2/3! + q4r4/5! + .../G#)+.1,5Ƴø3DGŌĠęI(q)
6 
!(!) = Δ!" ! 1 − !!!!3! + !!!!5! −⋯  (3.1.4) 
!! = 1! 4!!!!! !! ! !!!! (3.1.5) 
0Ś GĳĭÒĤRgKƔG0 !! = !! − !! ! = !!! + !!! = 2!g! (3.1.6) 
/GE 
! ! = Δ!" ! 1 − !!g !3 ≃ ∆!" !exp − !!g !3  (3.1.7) 
0Ś G!HKGuinierǬ§0 
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ȟƳøȁĔžÎŤȠ 
 Ǜŏđǈ2ðÜ36ŌĠę6ÛƳøE5ŌĠę5â0#.ǋ"HGƳø5Ɔę
ȘðÜBÂȈ#.GðÜ21Ƴøȁ5ĔžÎŤƈǑ/20ŌĠę I(q)6Ƴ
ø5Ģƍ3ǣæ%GĢƍæøșForm Factor: F(q)Ț0Ƴø5ǹƿ3ǣæ%GŬǳæøșStructure 
Factor: S(q)Ț0Ä .ǁGĪǐGN ³5ƳøE2GƵKǁ i Ɩƚ5Ƴø5ĩĚ
ŮK ri/ǋ#r = ri + u0%G0ŌĠę I(q)6 
! ! = 1! −!!!!∙!! ! ! !!!∙!!!!!!! × −!!!!∙!! ! ! !!!∙!!!
!
!!!  
= !! ! ! !(!)!!!!∙(!!!) !!!! × 1! !!!!∙ !!!!!!!!!
!
!!!  
(3.1.8) 
02G¨#ƨÄưè6Ƴø¿/Fĕë6Ƴø5Œ©3,.0+.Gƭ 2 Ĝ3
.ÉÒ5Ȓ6Ƴø¿5Ȍøāę5ǄďƜȂȂō/FĢƍæø3ăī%GĥÒ5Ȓ6Ƴ
ø5ǹƿ3ǣæ%GȒ/FŬǳæø3ăī#.GƳøÓÄŌ/ƮŒƙ/H75
Ĝ6Ģƍæø0Ŭǳæø5ƨ! ! = !" ! !(!)0#.Ś!0/Gǆ3Ģƍæø0Ŭǳ
æøKÄȉ%G!06Ȋ# 
 
ȟxXfŬǳȠ 
 nqşŏ21/6ŬǳȅċĭG)@3xXfĭKƤ%ƋǢAõxXfű¸2
15tfAĆǓŌEǚ±%G!0/GǢǻxXfű¸0ǋȐxXfű
¸ SAXS /ǔţ"HG!0õǢǻxXfű¸ dș1 < d < 3Ț5Ƶ/6Ǣǻ M(r)
6 ! ! ∝ !! (3.1.9) 
0ǋ"HGEǛŏ3ƗŒĭ2ŗ5ƜȂȂō6 ! ! ∝ !!!! (3.1.10) 
02FŌĠę0#. 
! ! ∝ 1! !!!!sin !" !!!!  (3.1.11) 
ĦEHG0!I/!5D2xXfĭ6G^OcbZ a < r < R 5ưè/5>
Ķƫ%G#)+.ǘƨÄKÓƷ3ýǉ%G!06/21/R < q < 1/a 5ưè/ ! ! ∝ !!! (3.1.12) 
0ŀōÈĶƫ%GŒǋȐxXfű¸ dsKƔG0ǋȐƨ S(r) 
6 ! ! ∝ !!!!! (3.1.13) 
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02Gds6ĕƄ2ǋȐ5036 2 02Fƴ2G0 3 3Ǭ-.r 0 q 6ÖŴ¯5
Ȃ²3G5/ ! ! ∝ !!!!! ∝ !!(!!!!) (3.1.14) 
!HK Porod Èș!(!) ∝ !!!!Ț3 »%G0 ! ! ∝ !!(!!!!) (3.1.15) 
ĦEHG 
 
 
3.1.2 2D-USAXS/SAXS .,6   
2 2D-USAXS/SAXS ýȗ3 GŠ£K Table 3-1-1 3Ƥ#ǝƹK¡3Ǯ:G 
 
Table 3-1-1 
Method Beamline X-ray energy 
Camera 
length q-range Detector 
2D-USAXS BL20XU 23 keV 160.5 m 1.9 × 10
-4  3 
× 10-2 Å-1  
6-inch 
XRII-CCD 
2D-SAXS BL40B2 8 keV 3 m 2 × 10
-2 –  
0.1 Å-1 
RAPID 
(2D-PSPC) 
 
ȟ2D-USAXS ǍƿȠ 
 2D-USAXS ýȗ6SPring-8 BL20XU 3.ýœ#)ŞvO/6TǿKƶ 160.5 
m 3%G!0/G)@XSg=/5ĆǓŌýȗÙǃ02GFig. 3-1-3 3di
lMizéKƤ% 
 
 
Fig. 3-1-3 2D-USAXS Ɣ5ýȗdilMizé 
X ƼRpW6Si 111 KƔ)ƺŘÄºä3DF 23 keV 3ÓǇÐ#)ƭ 1 rih3]
ě¦ǍƿșŦĜ¤ƥvRǏ Rheogel-S1000ȚKǙƿ#X ƼǰǴƏƁüƔ3ǛŏÉĥ3O
ShQsKǙƿ#) 
double-crystal
monochromator
Front-end slit 
Slit 
Slit 
Ion chamber 
Sample
2D x-ray detector
Beam stop
1st Experimental hatch 2nd Experimental hatch
SR
Undulator
vacuum path
0 m ?50 m ?80 m ?240 m
distance from sauce
Pinhole 
Optical hatch
Attenuator
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Fig. 3-1-4 ]ě¦Ǎƿ5ÁƝ 
 
ŗÄË 2D-USAXS ƁüKǉ)@3ƭ 1 rihEƶ 160.5 m ȉH)ƭ 2 rih¿3 Fig. 3-1-5
3Ƥ%żš|loXbǏ[lȌƂ 6-inch XRII-CCDșX-ray Image Intensifier, X-ray CCD 
detector: C4880-40Țű¸ŨÃäKǙƿ#)[26] 
XRII-CCD ŨÃäÉ3ƛĤƶ 3 mm 5ǽǏvblizKǙƿ#)ĥǮ5D3 XRII-CCD
6xN¹ñ]E5Ō·KƁü%G36gOniXaǤ#.G'!/
XRII-CCD ŨÃä5gOniXa5ǤKǎû%G)@3vbliz0ű¸ŨÃ
ä5ȁ3 Al ǏſǌŢșƛĤȞƶ 30 mmÔ>Ȟƶ 4 mmȚKł»#)șFig. 3-1-6Ț"E3
ű¸ŨÃäȐ5 X Ƽv5ĘF3DG Smearingș< ȚKȃ)@3ºúrihśŻ
3Ǚƿ"H.Gw|KƔ.ºúƵ5śǶÐKǉ+) 
 
 
 
Fig. 3-1-6 Kapton xN3Pl#) Al ǏſǌŢ 
 
Fig. 3-1-5 6-inch X-ray Image Intensifier + X-ray CCD DetectorșXRII-CCDȚ 
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ȟ2D-SAXS ǍƿȠ 
 
Fig. 3-1-7 2D-SAXS Ɣýȗǹƿ@BL40B2  
 
 2D-SAXS ýȗ6SPring-8 BL40B2 3.ýœ#)ýȗǹƿK Fig. 3-1-7 3Ƥ% X ƼRp
W6 Si 111 ÖĄKƔ)ƺŘÄºä3DF 8 keV 3ÓǇÐ#)Tǿ6ƶ 3 m 0#)
ŗÄË 2D-SAXS ƁüKǉ)@3Fig. 3-1-7 3Ƥ%ű¸©ƿŋıíŨÃäștwo-dimensional 
Position Sensitive Proportional Detector: 2D-PSPCȚ/G RAPIDșRefined ADC per Input DetectorȚ
KƔ)RAPID 3Ɣ)Ub6Xeș20 %ȚArș64 %ȚCO2ș16 %Ț/G[27] 
 
 
Fig. 3-1-7 RAPID ŨÃäșű¸ PSPCȚ 
 
ȟ2D-USAXS/SAXS 0ě¦Ɓü05ÝŗǖƁýȗȠ 
 ŗÄË 2D-USAXS/SAXS 0ě¦Ɓü05ÝŗǖƁŠ£6]ě¦ǲęK 120 mm/minȍºŗ
ȁK 0.5 sƁüȁȆK 1 s 0#]ơŐ%G=/5ě¦ǴƦKƁü#) 
  
 
 
 
???????????
??????
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3.1.3 1  
 ~6SBRșŔŞeSǏ SBR1502Ȟbhǻ (23.5 wt%) yfaRǻ (76.5 wt%)Ț
KƔ)`TD8`TizYÊșCAȚ6'H(HkXi^Ǐ Ultrasil VN3 D
8 Si69 KƔ)ǝƹ2ǹÜ¿ĀK Table 3Ƥ% 
 
Table 3-1-2 
 SBR-1 SBR-2 
SBR 100 100 
Silica 54.5 54.5 
Si69*  4.36 
Stearic acid 2 2 
Sulfur 1 1 
TBBS** 1.5 1.5 
* bis-(3-triethoxysilylpropyl)tetrasulfide 
** N-tert-buthylbenzotiazole-2-sulfhenamide 
 
 !HEKOfnV^3Ļ»#Ǜŏƀę 150 ˚C 32G=/ŽÜ#)ĦEH)]
K 60 ˚C /ƀǠ#)ǼĊǏ 2 Ş3Ǳ#Ô> 2 mm 5`lƍ3ŎĢÍČ#)'5ĥ
ÍƉzbŰKƔ. 170 ˚C / 12 min ÍƢ"&) 
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3.1.4 * -  
ȟ2D-USAXS Š£ŨǗƺŤȠ 
xN¹ñ]E5Ō·Ɓü3ǤGgOniXaK XRII-CCD Ŝ#.GƣǞ
%G)@3Imaging Plate (IP) 5ƁüƺŤ05ŴǪKǉ+)Fig. 3-1-8 3ĕëƳĤ 1 µm 5ƝƑ
ƍÓÄŌƳĤ`TșŔŞǕ÷Ǐ KE-P100Ț5 USAXS ƁüƺŤKƤ% 
 
 
Fig. 3-1-8 Imaging Plate 0 XRII-CCD 05ŴǪƺŤ 
 
 
Fig. 3-1-9 Al ǏſǌŢ5ǎŲÉĥ5ŌĠęřƼ5ŴǪ()ǎŲÉ,  ()ǎŲĥ 
 
XRII-CCD 5gOniXa6 IP 3Ŵ:Ǝ)@üǻƙǔţçȊ/G!0ÄG'
!/vbliz0 XRII-CCD ŨÃä5ȁ3 23 keV 5 X Ƽ3ă#ǰǴƏ T = 0.087 02GD
3Fig. 3-1-6 3Ƥ#)D2 Al ǏſǌŢKł»#)șƛĤȞƶ 30 mmÔ>Ȟƶ 4 mmȚĦ
EH)kfEſǌŢǸÄKǎŲ%G!0/` TE5 X ƼŌĠęKƁü%G3ǤGg
OniXaĦEH) 
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Fig. 3-1-10 ºúrih¿w|5Ŝƈ3DG X Ƽv5 
ĘF5Oa; ()w|ƈ#, () w|ŜF 
 
 ǱĒ5ĆǓŌýȗ5ǹƿ/6v5ƘŌ3DGŌ·5 Smearing Kªſ%G)@3Ũ
ÃäȐ3ȡƼKȈº%G## BL20XU 36 X ƼȈº21KǙƿ%G!0çȊ/
FȡƼºƂ5ƘŌǓ3ăī#.ǛŏEƶ 160.5 m ȉH)ŨÃäȐ/6 X ƼvĘ
Fű¸Ō· Smearing %G'!/ºúrih5śŻ3Ǚƿ"H)w|KƔ
.Fig3-1-10 3Ƥ%D3ŉ§ºƂKĢĶ%G!0/ X Ƽv5ĘFĺEH2º
úƵ5śǶÐŨǗKǉ+)Fig. 3-1-11 3w|Kł»#.2ƍĲ3 GǛŏ©ƿ
D8ŨÃäȐ©ƿ/5 X ƼvĢƍKƁü#)ƺŤKƤ% 
 
 
Fig. 3-1-11 w|ƈ#/5 X ƼvĢƍƁüƺŤ; 
(č) Ǜŏ©ƿ, (Ú) ŨÃä©ƿ 
 
Ǜŏ©ƿ/6ƶ 0.5 mm Ʀę5 X Ƽv^Oc/GŨÃäȐ©ƿ/6ůŒÞ3 X Ƽv
Ę+.G!0ÄGFig. 3-1-12 3w|5^OcKô)ðÜ5ŨÃäȐ©ƿ
/5 X ƼvĢƍKƁü#)ƺŤKƤ%'5ƺŤw|^Oc φ = 50 µm 3%G0ů
ŒÞ5 X Ƽv5ƘŌĺEHG!0Ä+)"E3 φ = 20 µm =/w|^Oc
KĆ"#)ðÜ6Fraunhofer åĽ5ģȑ3DFǯ3 X Ƽv^Ocö2G!0Ä
+)!HDFw|^Oc6 φ = 50 µm śǶ/G!0Ä+) 
 
double-crystal
monochromator
Slit 
Slit 
Sample Position
1st Experimental hatch
vacuum path
Optical hatch
Detector Position
Sample Position
vacuum pathPinhole 
Detector Position
1st Experimental hatch
1 mm1 mm
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Fig. 3-1-12 w|^OcKô)ŗ5ŨÃä©ƿ/5 X ƼvĢƍƁüƺŤ 
 
ȟě¦ǴƦ5`TȅċŬǳôÐ0ÌúƋĭ5ǔţƺŤȠ  
 SBR-1(CA ƈ)0 SBR-2(CA Ŝ)5ĝğƋĭƺŤK Fig. 3-1-13 3Ƥ%ě¦Ə ε = 10 %¡5ƼĢ
ȓî3 GġĭƏ6 SBR-1 DFA SBR-2 5ŒĆ"!H6Payne ÎŤ0#.ƟEHGD
3` TizYÊ3DF`T5ÄŌĭÞ#)ƺŤ0ǁEHGŒ75 % ¡
/6 SBR-2 5Œ5īÌöơŐƇ¦8Ć"ƺŤ02+.G!H6`Tț~
ȁTizYÊ3D+.ÐúƺÜ%G!03ǣæ#.G0ǁEHGě¦É5ƍ
Ĳ5 TEM ǒĂƺŤK Fig.3-1-14 3Ƥ%ƳĤƶ 13 nm 5`TpilXƙ2ÂȈŬǳK
ĢĶ#.G!0Ņü"HGPayne ÎŤKǟŖ/GŖƞ2ǂ5`TÂȈŬǳ5ǵ
6ÄE2+) 
 
Fig. 3-1-13 ĝğƋĭƁüƺŤ; () SBR-1, () SBR-2 
 
     
Fig. 3-1-14 TEM ǒĂƺŤ, (č): SBR-1, (Ú): SBR-2 
none ø100 µm ø50 µm ø20 µm
14
12
10
8
6
4
2
0
Str
ess
 / M
Pa
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 Fig. 3-1-15 3 SBR-1 K ε = 200 %ě¦"&)ŗ5 2D-USAXS/SAXS kfEě¦ŒÞ3ă#
.ìƛ0ĕǉŒÞ3 1ű¸Ð#)XƼŌĠęřƼKƤ%XƼŌĠęřƼ3 GôřƇ6
Fig. 3-1-1 3Ƥ%]5`TȅċŬǳ3 G 1 űƳøșRgspheȚ1 űÂȈșRgrȚD8 2 ű
ÂȈŬǳ¬șRglȚ5^OcșĳĭÒĤȚ3Ȃ²#ƛƼȓî6ǢǻxXf dmG6ǋȐx
Xf dsKƤ% 
 
 
Fig. 3-1-15 ε = 200 %ě¦#) SBR-1 5 X ƼŌĠęřƼ; 
() ě¦ŒÞ3ă#ìƛ, () ě¦ŒÞ3ă#.ĕǉ 
 
`TȅċŬǳKǔţ%G)@3G. Beaucage ņŧ#)WoRȓî0xXŀō3
ƽ+)ȅċŬǳkK¢ü#) Unified Approach KƔ.ǔţKǉ+) 
! ! ≃ !!exp −!!!g!! + !!exp −!!!g!!!! /3 × !"# !"!"/ 6 !/! !!!!!! 
(3.1.16) 
!!/Rg 6ĳĭÒĤPi 6xXfŀōKƤ%xNijNY5ƺŤìƛ0ĕǉŒ
Þ5Œ0A 1 űÂȈ¬5ĳĭÒĤ Rgr = 10 nm /F 1 űÂȈŬǳ6ƮŒƙ/G0ǁE
HG1 űÂȈ¬KƑ0Ǭ§#)ðÜ 
!! = 2 5 3!g (3.1.17) 
ĶFƫ,Dr6 1 űÂȈ¬KƑ0#)ŗ5ƛĤ/G!50Dr 	 25.6 nm /F`T
5 1 űƳĤșƛĤȚ TEM ǒĂ5ƺŤE Dsphe ≃ 13 nm /G!0E1 űÂȈ¬6 Fig. 3-1-16
3Ƥ%D3 1 űƳøō³Ȉ=+)Ŭǳ/G!0ŅĂ"H)=)1 űÂȈ¬5xX
fű¸6 ds ≃ 4 /G!0EǋȐxXf/F`TƳøā3ǜ=G!0/bb
10-1
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2ƕȐKĢĶ#.G0ǁEHGűÂȈŬǳ Rgl6 Fig. 3-1-15 Eìƛ0ĕǉŒÞ/Ɨ2
F'H(H Rgl⊥ ≃ 28 nmRgl∥ = 53 nm /F Fig. 3-1-16 3Ƥ%D2ũÀ¬/G0ǁEH
) 
 
 
Fig. 3-1-16 ε = 200 %ě¦#) SBR-1 5`TȅċŬǳOa 
 
'!/ÉǮŒŸKƔ. SBR-1 0 SBR-2 5ě¦ǴƦ3 G 1 űÂȈ¬5ĳĭÒĤ RgrôÐK
Ǡť#)'5ƺŤK Fig. 3-1-17 3Ƥ%ě¦ǴƦ3. 1 űÂȈ¬5^OcôÐ6;0L1
#2!0E1 űÂȈ¬ě¦3D+.ơó"H)FôĢ#)F#2!0Ä+),
=FħĆôĢȓî5Ìúƌĭ36Ȃ²#.G0ǁEHGě¦ǴƦ3 GĝğƋĭô
Ð06Ȃ²ć20ǁEHG 
 
 
Fig. 3-1-17 ě¦ǴƦ3 G 1 űÂȈŬǳ5ĳĭÒĤ Rgr5ôÐ; () SBR-1, () SBR-2 
 
Dsphe ⋍ 13 nm
Dr = 2 x [(5/3)1/2?Rgr]
     ⋍ 25 nm
Rgl⊥ ⋍ 28 nm
Rgl// ⋍ 53 nm
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 ű3SBR-1 0 SBR-2 5ě¦ǴƦ3 G 2 űÂȈ¬ RglșìƛŒŸȚ0 RglșĕǉŒŸȚ
5ôÐ3,.Ǡť#)'5ƺŤKFig. 3-1-18 3Ƥ% 
 
 
Fig. 3-1-18 ě¦ǴƦ3 G 2 űÂȈ¬5ĳĭÒĤ Rgl5ôÐ; 
() SBR-1 5ìƛŒŸ, () SBR-1 5ĕǉŒÞ,  
(): SBR-2 5ìƛŒÞ, (
) SBR-2 5ĕǉŒÞ 
 
SBR-1 D8 SBR-2 0A3 Rgl6ſćµÞKƤ#Rgl6òÍµÞKƤ#)!H6ũÀ¬ƍ
/ùê%G 2 űÂȈŬǳ5ǿĤŒÞě¦ŒÞ3µ!0KƤ#.G0ǁEHG2 űÂȈ
ŬǳôÐKĕëƙ3ŃG)@3RgD8 RgE 2 űÂȈ¬¬ƨ3ôŇ#)ƺŤK Fig. 
3-1-19 3Ƥ% 
          
Fig. 3-1-19 2 űÂȈŬǳ5¬ƨôÐ; () SBR-1, () SBR-2 
 
ě¦Éșε = 0 %Ț/6`TizYÊǹÜ"H.2 SBR-1 5Œ 2 űÂȈŬǳ5
¬ƨöƺŤ02+)!H6`TizYÊǹÜ"H.2)@3`T
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5ÄŌĭĮ 2 űÂȈ¬ö2+.G!0KƤ#.G0ǁEHGŒě¦Ə ε = 
30 %/6 SBR-1 6¬ƨöª#.G!H62 űÂȈŬǳĞƺÜ/ĢĶ"H.
Fě¦3D+.ơó"H)!0KƤ#.GFig. 3-1-20 3Ƥ#)ě¦ǴƦ3 GġĭƏƁ
üƺŤ0ŴǪ%G0ε = 10 %¡/6 2 űÂȈŬǳö SBR-1 5ŒġĭƏȘ'
H¡5ě¦Ə/6ÂȈŬǳơó"HĬƅ3ġĭƏª#.G!H6ÉǮ#) Payne Î
ŤKƤ#.FPayne ÎŤ6 2 űÂȈŬǳ0āń3Ȃ²#.G!0KƤ#.G0ǁEH
G 
 
 
Fig. 3-1-20 ě¦ǴƦ3 GġĭƏôÐ; () SBR-1, () SBR-2 
 
!5 2 űÂȈŬǳ5ôÐ0ġĭƏ5Ȃ²KǁG)@3ű5D3ǁ)xN¹ñ]
5xN5ƻǺǻK M2 űÂȈŬǳ5³ōK N 0#1 ,5 2 űÂȈŬǳ5ǢǻxXf
ű¸ýÎ^OcýÎ¬ƨK'H(H dmrv0%G!502 űÂȈŬǳ5xN
ĶÄ5ǢǻK m 0%G0ǢǻxXfű¸5üǀE !!~!!!! (3.1.18) 
0Ś GŒüǀE 
! = !!  (3.1.19) !!~!!! (3.1.20) 
02GĜ(3.1.18) 0Ĝ(3.1.20)DF 
!~! ! !! !~ ! !! ! !! (3.1.21) 
0Ś GxN¹ñ]¼¬5ýÎƙ2xNĶÄ5¬ƨ,=FSXms[28, 
29]AßL*¬ƨ V6ű5D3Ś G 
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 ! = !"!~! !!!!!! !!! (3.1.22) 
Ĝ(3.1.22)3,. dm = 3, 2.5, 2 5ŗ5 V0 N5Ȃ²K Fig. 3-1-21 3Ƥ% 
 
 
Fig. 3-1-21 xNŜÎ¬ƨ V0 2 űÂȈŬǳō N5 dm°ùĭ 
 
ǢǻxXfű¸Ć"2G3,HxN5ýÎ¬ƨ 2 űÂȈŬǳ5ō5òÍ0½3
1L1Lſ+.ŭøÄG!H6xN5ÄŌƍĲÑÄ/G0SXm
sKß?ýÎƙ¬ƨö2+.#=!0Kǋ#.G ! = !! 1 + 2.5! + 14.1!!  (3.1.22) 
,=Fǘ5 Guth-Gold Ĝ3 φ 5 JF3 V0%G02 űÂȈ^Ocö0ġĭƏ
ŕ%G!0Küĭƙ3Ƥ#.GUSAXS/SAXS ǔţE`T 2 űÂȈŬǳ5ǢǻxX
fű¸6 dm ≃ 2 /G#)+.ȜűÂȈŬǳ5ơó3¥+.]5ýÎƙ2xN
5¬ƨ6ſć%G,=FFig. 3-1-19 3Ƥ%ě¦Åŝ3 G SBR-1 5ġĭƏª62 ű
ÂȈŬǳơó%G0Ĝ(3.1.22)DFŜÎ¬ƨöſć%G!03ǣæ%G0ǁG!0
/G 
 ě¦Ə ε = 30 – 50 %5ȁ/6 Fig. 3-1-19 3Ƥ%D3 2 űÂȈ^Oc6;0L1ôÐ#2
ŒFig. 3-1-18 3.6ě¦ŒÞ3ă#.ìƛŒÞ5ö"6Ć"2FĕǉŒÞ5ö
"ö2+.G!H62 űÂȈŬǳƮŒƙ/62ě¦ŒÞ3ÂȈŬǳ5ǿǩ
ǹÞ#.G!0KƤ#.G0ǁEH) 
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Fig. 3-1-22 ě¦ǴƦ3 G SBR-2 5 2D-USAXS ·ôÐ 
 
 ě¦Ə ε = 50 - 100 %5ȁ/6Fig. 3-1-19 D8 Fig. 3-1-20 3Ƥ%D3ö"5ôÐĆ"
īÌôÐAć2!5ȓî3 G 2D-USAXS ·K Fig. 3-1-22 3Ƥ% 
!5ě¦Ə/6 2 űÂȈ¬5¬ƨôÐ6¶/G2D-USAXS ·6ě¦ŒÞ3ëĭò
Í#.G!H62 űÂȈ¬ȁ5liXb]ǸÄǷľƙ3ě¦ôĢ#.G!03
ǣæ%G0ǁEHG 
 ě¦Ə ε > 100 %/62 űÂȈŬǳ5¬ƨ6ơŐ%G=/Ĭƅ3òÍ#.G!H62 ű
ÂȈ¬ȁ5liXb]ôĢ/22F2 űÂȈŬǳ¬3ų>Ȉ# 2 űÂȈŬǳ
¬Ǆ¬ôĢ#ļÌKƘƐ#.G!0Kǋ#.G0ǁEH) 
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3.1.5 *2  
 ĦEH)ƺŤEŅü"H)ě¦ǴƦ3 G`TȅċŬǳôÐK Fig. 3-1-23 3Ƥ% 
 
 
Fig. 3-1-23 ě¦ǴƦ3 G`TȅċŬǳôÐ5k 
 
ě¦Ə ε < 10 %/62 űÂȈŬǳě¦ŒÞ3åǨ#ĞƺÜ#) 2 űÂȈŬǳơó"H
G2 űÂȈŬǳ5ǢǻxXfű¸ dm ≃ 2 /G!0ESXmsùê#.
G0ǁEHG!5ě¦Ə/6 2 űÂȈŬǳ5 dm ;0L1ôÐ#2!0E2 űÂ
ȈŬǳơó"HĆ"2G0SXmsKß? 2 űÂȈ¬5ŜÎ¬ƨöª#
ġĭƏſć%G!0Ä+)!H6Payne ÎŤ5ǣƂ0Ņü"H)ě¦Ə 50 % < ε < 
100 %/62 űÂȈŬǳ¬ȁ5ǥȉĘG* /FīÌôÐ6¶3òÍ%G5>/G
ě¦Ə ε > 100 %/62 űÂȈŬǳ3ų>Ȉ#2 űÂȈŬǳǄ¬ôĢ#ĠļÌƘƐ
%G)@3īÌòö%G!0Ņü"H) 
 !5D3`T¹ñ]5ĝğƋĭ0ě¦ǴƦ3 G`TȅċŬǳôÐ3,.ŗ
ÄË 2D-USAXS/SAXS ǔţ3DFýœ#)ƺŤ` T¹ñ]3 GǎĠÎŤ5ǣƂ5Ǹ
KǔŖ%G!0/) 
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3.2.1 "  
 ǎÿÖŮŰÞ*'Ǜę5ŦǅU?s'ǢŶąœ158!72008 ÿ¹řǖ G8 ŗ
ŧŠNnX[&! IEAǺÒǩB^yH~ŏǤǻ5U?sǋ6ĢĠǊ'Ŧǅ&
7
ĉǳ(ƕ 20%"6ŦǅU?s'Ĺ¿Ǔ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!(Ò
ÓǐŻ}ƘŜŲŋŻ&46ŦǅU?sƊĹ¿Ǔ»ǃ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U?sŦǅĔƤ#JxXgĔƤ;ÅƱň"ƽƬſ7whx|J±āêĵ8Å
ō&=pxE}v~{Xa}ǲÒ"2Åō'OQYoêĵ87 
 Ǖ¾'U?sǢŶ(Ǌ'è¨Ĕ;ǜƲ71&JxXgĔƤ;71'ĝƫǢŶ
72'"#91990 ÿ&ŦǅĔƤ#JxXgĔƤ;Æ7ĝƫ#!
ČŃ'E~k|fwXIǛÄ5OxEǺEXgx|J³;Ç0ǻǛÄĝƫ&ǢŶŸŷàǙ
ǎÿ²Ǐ'ƣĺ&465%7Ŧǅ¸œ15874	&%6OxE#ŹĨÀĒǼź
ų7àĔÚ;ñ§àĔlxm~ų5874	&%!àĔlxm~;ų
7#OxE'°ĭĔÆU?sǋ·ĸ'àĈ&47bQYxOQ{QǺB^yH~ť&
àī87ǻĞ±87#ƘǷŷ&°!úÜ5'ąƯœ&ï5%7
Ŧǅ¸ĝƫ'ǢŶœ158!7ŀǀǵ;ƵŔ7&(Mo&ĈĚ8OxEǧ÷
ŌǑ&!ŦǅĔƤ&Ǥ7ŌǑƯÍ;ũé'ŌǑ;±Ď7đƯ7 
 ŀŽƅ"(ÃƂàĔlxm~;ųOxEǛÄMo'OxEǧ÷ŌǑ; USAXS/SAXS
ŕ5ƵńŦǅĔ&Ǥ7OxEǧ÷ŌǑ'ũé;êĵ5&L|dt~UO
ntz~Ou|&46àĔlxm~Ƃ#OxE®ǪŌǑ#'Ǥ&Ǥ7Ƶń;ƪ 
 
 
 
 
3.2.2 2D-USAXS/SAXS <   
ǿàĔlxm~'OxEǧ÷ŌǑƵńȀ 
 ²Ə#Åō& SPring-8 &! 2D-USAXS/SAXS êǷ;êĵ2D-USAXS şé( BL20XU "
ƪ.2D-SAXS şé( BL03XUǺe{|Y>=Te[mU~ŲçǒÄc~ow?|ǾFSBLǻ
"êĵ2 Ő¤Ŋ¯Ë( DECTRIS ƭ 2 Ő¤ÑºñŊ¯Ë PILATUS 100K ;ų 
 
ǿ2D-USAXS 'òƴ°ƵƤÆŊƸȀ 
 àĔlxm~'OxEǧ÷ŌǑ&
7ĉǳ;Ƶķ7"46Āǧ÷ŌǑ&Ǥ7ĖÛ
;č71&BL20XU 2D-USAXS 'òƴ°ƵƤ'Æ'ŊƸ;êĵêǷSX[=Xg;
Fig. 3-2-1 &ſBL20XU 'Ɖ 1 _XWª'ĽŘ&ǸǁŖ;EX[71&OJm¦ŏ 
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Pyrex ƭnw~ǺƬǱƒ: Ŗǡ λ = 632.8 nm &! λ/10ǻ;ĥ§nw~5'ìűĭ;
Ǧ¾71&nw~Ř&QxX[;ƺƠX ƞB^yH~(ČŃ' 23 keV 5 8 keV
&'ĸ'ƾıƠ&7 X ƞc~oN?R( FWHM " 0.1 mm (H) × 0.1 mm (W)Ŋ
¯ËƠ&7 X ƞc~oN?R( 0.78 (H) × 0.782 mm (W)"72 Ő¤Ŋ¯Ë( IPǺImaging 
Plateǻ;ųòƴ°ƵƤ;ŊƼ71&ǟƭpXOtǺGilder Grids ƭ G2000H:dXWǣǨ(12.5 
µm)ƞý(5 µm)ǻ;ų!êǷ;ƪ[1] 
 
 
Fig. 3-2-1 2D-USAXS, BL20XU "' 2D-USAXS êǷSX[=XgÐ [1] 
 
 
 
 
3.2.3 <  
 Mo(ƮǫƔ"6ĀĸƆǣQK~y&:6ǧ÷ŌǑ;ĈĚ!7'1ŭÕ
'Q~a~L|dt~U;ų!2¨!'ŭǄ;Ʒƍ7#(Îǭ"7 
"Fig. 3-2-2 &ſ4	&ÃĸƆǣQK~y"'ũĐ;Ħ
Ontz~Ou|ŽƅđƯ
#%7ŀŽƅ"(ãƱŎľǥƯƖŕǺLarge-scale Finite Element Method: FEMǻ4)ĭǔƑ
ä°ä·µçŕǺDissipative Particle Dynamics: DPDǻ;ų 
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Fig. 3-2-2 ÃĸƆǣQK~y&7ƷƍOntz~Ou|ŕ 
 
ǿãƱŎ FEM ƷƍȀ 
 °äǠƜŸůǂ(MoĆĔĒƋ;ƹǏ71&Ŷõ[2]ǒƛ#!'Ǹ°äŁı(°
äǣ'¸çƙÄ&46°587ĨÄţ&!ǒƙ8Ǡw|Vo&ǛÆƜŸŌǑ
;ľ7#	#&Ú !7ŀƷƍ"(ŌĚĂ#!ƜŸqZy'"Ľ2ĀƐÏ%
àĈq~\&ǘų"7#87 Aruuda 4) Boyce &4!Īŉ8 8 ǠqZy;ų
[3]5&ǰF@QǠůǂ&Ú ǰÔƟĔ°äǠ'ƚ/ţĮ'à¸;ƻë7ǰ=e>
|qZy;ǘųMo'bQYxOQ'¬ŭ!°äǠqZy&ƎŎØ&Ú ƓĔĢĠ
;ñ§[4]Mo'ƓĆĔŌĚĂ#[5] 
 FE qZy(TEMT şé&46č58OxE 3 Ő¤ǛƠ;ų©ǱƯƖ"ĚO
xEƬǱ(š5&%74	&Į 1000 ƯƖ°´;ƪ'qZy&ïlxm~ź#
e>w~ź&88ǰƞĈƓĆĔũĔ#ĆĔũĔ;éơƔ¨&ï!ăĄàĈ;
7
FEM Ontz~Ou|;êĵ 
 
ǿDPD Ontz~Ou|Ȁ[6, 7] 
 DPD Ontz~Ou|(ƘŜŲŋŻ'g{PAI["58Te[mYx=yƝÄOnt
z~U"7 OCTA[14];ų!êĵųlY|Ory;Ă(3.2.1)#Ă(3.2.2)&ſ 
!!"#$ ! = 12!!! (3.2.1) 
!!"!#"!$ !!" = 12 !!"!! 1 − !!"!! ! !!!!!!!!!!!!!!!!! < !!!!!!!!!!!!!0!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ≥ !! (3.2.2) 
"C (`^éĮǺC = 4ǻrc(EX[DeǡǺrc = 1.0ǻaij(Ĳµawp~U"7Ǡǡ
( 50 c~R# 1024 ŀ'Ǹ°äǠ;ų.OxEƑä'Į( 100 # 
???????? ?????? ?????? 
?????? 
????????? 
???????? ?????? 
???????? 
???????? 
??????????
????????????????????????????
????????
?????????????????????????????
????????
?????????????????????
??????????
?????????????????
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?????????????????????
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3.2.4 5#  
 àĔlxm~(ūƦ&ǜÄOxEǛÄǩ&ǋ6ĢĠãà¸7àĔ SBRǺQ
Wz|-fUPB|Moǻ;ųOxE4)Ow|EXgx|J³ǺCAǻ(88Z
IXNƭ Ultrasil VN3 4) Si69 ;ųƿƗ%ǛÄªë; Table &ſ 
 
Table 3-2-1 
 SiF-A SiF-B SiF-C 
Polymer A 100   
Polymer B  100  
Polymer C   100 
Silica 70 70 70 
Si266* 5.6 5.6 5.6 
Stearic acid 3 3 3 
Sulfur 1.5 1.5 1.5 
TBBS** 1.5 1.5 1.5 
* bis(3-triethoxysilylpropyl)disulfide 
** N-tert-buthylbenzotiazole-2-sulfhenamide 
 
 
Fig. 3-2-3 àĔlxm~'?p~PÐ 
 
  
85;?|U~]ynGN~&ğ§ƾıŞā 150 ˚C &%7."śÄč58Mo
; 60 ˚C "ŞǁǞöƭ 2 ŀ{~y&ǐ¼/ 2 mm 'O~[Ū&įĈ¶ø'ċ
¶ťgzQŏ;ų! 170 ˚C " 12 min ¶ž 
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3.2.5 -$.=(4*60,>  
ǿ2D-USAXS/SAXS ƙŅȀ 
 ƾı SiF-ASiF-BSiF-C 'ǋ6ĢĠ'ĤĮǺSiF-A ; 100 #Įåó%,$ǋ6Ģ
Ġ#;Ĥǻ; Table 3-2-2 &TEM ƳîƙŅ'Ƭŷ%£; Fig. 3-2-4 &ſTEM '
Ƴî5NfnI{|D~V~"'OxEŢāĬ5#ē:87qyeC{P~5£Ƴ
î8ũ&ŦǅĔƤĽ2ƨ SiF-C ®Ǫ!74	&ư
785(şé
Ơ&ï7æĔã1éǝŷ%ǃǂ;ƪ	#"% 
 
Table 3-2-2 
 SiF-A SiF-B SiF-C 
ǋ6ĢĠ (index) 100 95.4 83.7 
 
 
 
Fig. 3-2-4 ÃƂàĔlxm~'OxE' TEM ­ż; 1) SiF-A, 2) SiF-B, 3) SiF-C 
 
Ő&2D-USAXS/SAXS şé;ƪ1 Ő¤¸ X ƞĭąāļƞ; Fig. 3-2-5 &ſàĔl
xm~'ƂǶ;à
ÜÄq > 0.04 nm-1'ǴÙ"(à¸,#<$ư58%8(àĔ
lxm~Ƃ;à
!2 1 Ő4) 2 Ő®ǪŌǑ(à¸%#;ĘÉ!6ŦǅĔ#
(Ǥó%#Ƣ
587Ĵq < 0.04 nm-1'ǴÙ(¢&ƾıǣ"ùư587   
1 µm 1 µm 1 µm
1) 2) 3)
3.2 àĔlxm~'OxEǧ÷ŌǑ#ŦǅU?sųMo'ǢŶ 35 
 
 
Fig. 3-2-5 1 Ő¤ USAXS/SAXS ĭļƞ; (ǹƞ) SiF-A, (ǆƞ) SiF-B, (ǯƞ) SiF-C 
 
 
Fig. 3-2-6 Kratky Plot 'ƙŅ; (ǹƞ) SiF-A, (ǆƞ) SiF-B, (ǯƞ) SiF-C 
 
"ƿƗ&Ƶń71&X ƞĭąā I(q)&ĭhI[y q2;ħ Kratky Plot ;ƪ
'ƙŅ; Fig. 3-2-6 &ſKratky g{X['ƙŅ5 q = 0.01 - 0.03 nm-1ǎ&ĭļƞ
&Ǘư588(OxE'ǸŐ®ǪŌǑ'æÕ;ſÊ!7#Ƣ
58qd = 2π (d:
ǱǣǨ)'Ǥ5'ã(ƕ 300 - 500 nm #ĩé8.ƾıǣ"' q'à¸(ó%
X ƞĭąāãà¸!7#5àĔlxm~ƂǶ&4!ǸŐ®ǪŌǑ'ǝ
à¸!7#Ƣ
58"ǸŐ®ǪŌǑæÕ7#'źïǝ;œ17
1& Unified Approach ;ų!Ƶń;êĵUnified Approach ;êĵ7&6Ã®Ǫ
ŌǑ'OxEŢā(é"7#é'ƙŅ; Fig. 3-2-7 &ſ'ƙŅǸŐ
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®ǪŌǑ'źïǝ#ǋ6ĢĠ&(ąźǤǤ6OxEǧ÷ŌǑ'	ǸŐ®ǪŌǑ'
æÕŦǅĔƤ'ĕ¸'½Í"7#ĩé8 
 
 
Fig. 3-2-7 ǸŐ®ǪŌǑ'źïǝ#ǋ6ĢĠ'Ǥ 
 
 
ǿãƱŎ FEM ƵńƙŅȀ 
 2D-USAXS/SAXS Ƶń5 300 - 500 nm N?R'ǸŐ®ǪŌǑŦǅĔƤ#Ǥ!7
#ſÊ8"ǸŐ®ǪŌǑm[xXIQMo'àĈ&$'4	&ĉǳB^yH
~{Q!7'ãƱŎ FEM &46ŊƸǸŐ®ǪN?R'ĉǳ;ǁņ71&1
Ǎƕ 1 µm N?R;qZy¸ƾı SiF-A 4) SiF-C 'àĈ²ċ'ƙŅ;88 Fig. 
3-2-8(a)4) Fig. 3-2-8(b)&ſ 
 SiF-A (OxEƑä'ŢāĬ5æÕàĈǩ&Mo'àĈǝâǚ°#ó%
ǚ°ķ5&æÕ7ǆţƞ"Ï<'ã(Į 100 nm Ɓā"68(ǸŐ®
ǪŌǑ&ŴŃ7#ĩé87.OxEƑä®Ǫ!7ƌě'Mo(ő/Ǫ!
7#°7ĴSiF-C "(OxEƑä SiF-A &Œ+7#Œǌŷ&×&°ĭ
ő/Ɣª&°ĭ8!7#°846OxEƑä×&°ĭǸŐ®Ǫ
ŌǑ;ĈĚ7#'ǚ°&ő/ǪŶűàĈ&47bQYxOQ{QßãŦǅĔ
Ƥ;ĕ¸!7#ĩé8 
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Fig. 3-2-8 ő/ 50%&7ãƱŎ FEM ƷƍƙŅ(ő/°û); (a) SiF-A, (b) SiF-C 
 
 
 
 
 
3.2.6 2D-USAXS  12/%3-$.  
 Mo'OxE(ĀƆǣQK~y"ǧ÷ŌǑ;ĈĚ!7²ǏàĔlxm~"O
xE( 300 - 500 nm Ɓā'ǸŐ®ǪŌǑæÕ7#ķ5#%Fig. 3-2-5 &ſ X
ƞĭąāļƞ( low-q¡&Ƈ6;ſ15&ã%®ǪŌǑ;ĈĚ!7ÁƤ
Ĕ;ſÊ!7 
 SPring-8 BL20XU "' 2D-USAXS êǷ(8." X ƞB^yH~ 23 keV ;ų!
'ůŴ(ǐü SAXS şé"4ų587 X ƞB^yH~ 8 keV "êǷÜÄƙĻ°¦
ËǺSi 111ǻ5'ǸǁŖ'ąāǸ 2D-USAXS şé"%1"7"BL20XU
'Ɖ 1 _XW& Pyrex ƭ'nw~;ƺƠ7#"ǸǁŖ;Ǧ¾ 8 keV êǷƪ
%Ŋ
Ƹ;ƪ 
 .ŀnw~' 8 keV &7 X ƞÀðŬşé;êĵ'ƙŅ; Fig. 3-2-12(a)&ſ
'ƙŅnw~'ƥŵƴ( 3.39 mrad "7#°"nw~ƴā; 3.39 mrad
&Ñé X ƞÀðŬ'B^yH~æĔ;şéƙŅ; Fig. 3-2-12(b)&ſ'ƙŅ46
XƞB^yH~; 8 keV&ǩ'ǸǁŖ 24 keV'Xƞąā; 10-6&"7#° 
(a) àĈ² àĈċ 
(b) àĈ² àĈċ 
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Fig. 3-2-12 nw~'ÀðŬşéƙŅ; (a)ÀðŬ'ƴāæĔ, (b)2 'nw~ƴā; 
3.39 mrad &Ñéǩ'nw~'ÀðŬ'B^yH~æĔ [1] 
 
 
 
Fig. 3-2-13 ǟƭpXOt5' 2D-USAXS £ǺÂ(ģã£ǻ[1] 
 
 Ő&òƴ°ƵƤ;ŊƼ71&ǟƭpXOt;şéƙŅ; Fig. 3-2-13 &ſ'I
{QaU~|(pXOt'Ƅ&7ĈŪÍäǺForm Factor: F(q)ǻ&ǇÍ7c~oQ[X
gÈÏ&pXOt5' 1 ŐÌġƳş8Ľã" 21 ŐÌġ."Ƴş7#"
'ƙŅ5qǴÙ#! 0.25 µm-1 – 10µm-1şéÁƤ#	#°.ÌġQl
X[(óf{~\&%6FWHM " 0.83 mm (H) × 0.75 mm (W)"'½Í( 2 Ƣ

5871 Ÿ(¦ç_XWĽŘ&ƺƠd| 
j~y'N?R# X ƞc~oN?R'ĉǳ"78."' 23 keV &7 2D-USAXS 'Ž
ƅ&!ſ4	&[11]Ŋ¯ËƠ&7 X ƞc~oN?R(d|j~y5'Ìġ
ĉǳ71d|j~yN?R&ãæ72 Ÿ(ƾıƠ"'ƆǣLb~z|Q
(a) (b) 
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7( X ƞc~oN?R'ĉǳ"7ÈĿŌǑ Δq 5'Ìġd~I' FWHM (Lb~z
|[ X ƞc~o'ÈĿĮ N#ǤĂ(3.2.3)"ſ87w@BǤĮ&4!Ʒƍ87 !! = 0.88!×2!/(!×!) (3.2.3) 
" d(ÈĿŌǑ'dXW"7Ì'ÜÄpXOt5'QlX[' FWHM ( X ƞc
~o' FWHM 462ãQlX[' FWHM ( X ƞc~oN?R#w@BǤĮ&47Ā6
'ì;°Ǭ7#"7QlX['f{~\¸(' 2 'ì'þ×'þĴŇ
#!Ƭŭ"7#	ėé&Ú !Lb~z|[ĭǇ7Ľã'ƆǣLb~z|[ǡ
(0.84 × 102 µm (H) × 1.0 × 102 µm (W)#ưƃ2587'(d|j~yN?RX ƞŖǡ
d|j~y-ƾıǣǉǬ5ƽ87ƆǣLb~z|Qǡ 93 µm #4Ƨ7.'
( X ƞc~oN?R#Ɗ²ǏƙŅ5ƾıƠ&7 X ƞc~o(,#<$Lb~z
|["6X ƞc~oN?R;ò7#(şéÁƤ% q# Δq'Ĵ;Ľò&7
1&đƯ#%7 
 Ő&OxEǺZJXNƭ VN3ǻ;¥ÝMo' USAXS şéƙŅ; Fig. 3-2-14 &ſ
"(BL20XU "' 23 keV &7 USAXS êǷ# BL03XU "' 8 keV &7 SAXS êǷ
ƙŅ;ǒƙ!7'ƙŅ2.5 × 10-4 – 1.0 nm-1."'ĀƆǣQK~y'ƷşÁƤ"7
#°8 keV êǷ&7 X ƞąāĬ5('SXY>|J"'Lb~z|[ X
ƞ&47QiXIy&ǇÍ72'"7[9]QiXIy( 23 keV 'SXY>|J"2Ƴş
8[8]2 Ő¤ĭaU~|;«Űþ× 1 Ő¤ĭąāļƞ"( X ƞąāĬ5(,#<
$Ƴş8%'ůŴ(23 keV &7ƆǣLb~z|Q 30 µm "6ƾıƠ"' X
ƞc~oN?R462ò'"QiXIy-3L|[wQ[Ʃ71"7 
 
 
Fig. 3-2-14 8keV, 23keV 2D-USAXS 4) 2D-SAXS Z~U; 1 Ő¤¸ĨƛƙŅ 
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 ÌŊƸ 8 keV "'SXY>|J&7 q ǴÙ"(Rayleigh-GansǺRGǻǎ'ǥŵƐ
Ï&źć7RG ǎ'ǘųƐÏ(¦ĭŕ&ï!â'ǃǂ%8!7[10-12]
ĴSAXS &!(ĮÛ'ǂİá,#<$ǃǂ8!%[13]ď°ĭĳǱƃ&ï7
RG ǎ(Ő' 2 'éđƯ#%71 (ƑäƬǱ5'Àð(ŤƲ"7ƶī
7
#ôġŬ 1 5' ù δ << 1 "7#	#"7'ł('B^yH~ǴÙ' X
ƞ&ï!ĚƇ72	 1 (kaδ << 1 "7#"7"k ( X ƞ'ŖĮa (
ƑäºĊ"7( 10-6D~V~" k ( 40.8 nm-1"7Ì'K~Q&!a << 24.5 µm
;Ƴş!7'"ǮäíāL|[wQ['ƾıǺTe[mU~%$ǻ&ï! RG ǎ(ǘ
ų"7e>w~Ƒä&7,#<$'Žƅ(' q ǴÙ&7Ǹǧ÷ŌǑ
'2'ïǄ"6®Ǫ'¦ĭ'Žƅ'4	& RG ǎ'ǘųƐÏ;Žƅ7#(ċ
ǰü&ǜƯ%##%7 
 ċŀĜŕ;ų7#"46Āǧ÷&ŝ!Mo"ĈĚ8OxEǧ÷ŌǑŽƅ
ÁƤ&%7#Ƣ
587 
 
 
3.2.7 -7  
 U?s&7ŦǅĔƤ;Æ7ĝƫ;ǢŶ71&ŦǅU?s&ų587àĔ
lxm~"'OxEǧ÷ŌǑ'Žƅ; 2D-USAXS/SAXS ;ų!êĵ'ƙŅU?sǋ
6ĢĠ;ĕ¸7Íä(300 – 500 nm N?R'ǸŐ®ǪŌǑ"6'źïǝ#íĨ&Ǥ
!7#ķ5#%.OxE 3 Ő¤ǛƠ;qZy¸ãƱŎ FEM &46àĈ
Ʒƍ;ƪƙŅOxEƑä'ŢāĬ5æÕ7#ŢāǸǚ°&ő/Ǫ7#"b
QYxOQ{Q;ã!7#Ƣ
58.ŢāĬ5'ãĮ 100 nm Ɓā
"7#52D-USAXS/SAXS Ƶń5ķ5#%ǸŐ®ǪŌǑ&ïĒ7#ĩé
8 
 .àĔlxm~&7OxEǧ÷ŌǑ&!2D-USAXS/SAXS 5 300 – 500 nm '
ǸŐ®ǪŌǑ462ã%ŌǑæÕ7#;ſÊ!7'Žƅ;ƪ	&(2DUSAXS
ŕ'òƴ°ƵƤ;Æ7đƯŀŽƅ"òƴ°ƵƤ'ÆŊƸ;ƪƙŅBL20XU
&ǸǁŖǦ¾nw~;ƺƠ 8 keV êǷ;ƪ	#"5 × 10-4 – 1.0 nm-1."'ĀƆǣQK~
y"'ŌǑŽƅÁƤ"7#°ċe>w~¥ÝMo&ǘųMo'OxE
ǧ÷ŌǑ#µçŨĔ'Ǥ&!ůƵ;Ś1#Ƣ
7 
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